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ABSTRACT 

The untwisted moduli in four-dimensional fermionic string models are identi- 
fied by considering world-sheet Abelian Thirring interactions. The full Kahler 
' potentials of untwisted sector fields are given for a restricted class of models. 

ON ' 

String-derived effective supergravity theories have two salient features which made 
them of great theoretical and phenomenological interest: (1) the three standard func- 
tions (f a b, K, W) that specify the N = 1 supergravity Lagrangian are calculable; and 
(2) the underlying conformal invariance entails the existence of moduli. In this talk, I 
shall give a brief account of our recent work,§ which concerns the effective supergravity 
theories from a class of four-dimensional fermionic string models.ll 

■ Let me first describe a procedure with which the untwisted moduli in fermionic 
models can be identified. In the context of conformal field theory (CFT), moduli 

■ correspond to exactly marginal operators which generate deformations of a CFT that 
preserve conformal invariance at the classical as well as quantum level. Therefore, for 
a given free fermionic model, to see whether or not a particular massless scalar field 
is a modulus field, one would first construct its zero-momentum vertex operator in 
the zero-ghost- charge picture and then examine if this operator is exactly marginal or 
not. For the massless scalar states form the Neveu-Schwarz sector, the corresponding 



vertex operators are given by world-sheet Thirring interactions. A subset of them, 
ie., the Abelian Thirring operators of the form J l L (z)J R (z), where J % L , J R are some 
U(l) chiral currents realized by world-sheet fermions, are exactly marginal. One 
way to show this statement is to perform a bosonization, upon which the operators 
Jl{z)J r (z) become 8X I dX J , the standard form of the exactly marginal operators for 
the untwisted moduli in orbifold models. In addition, it is obvious that such Abelian 
Thirring operators satisfy the necessary and sufficient condition for integrability.! 

In practice, many fermionic models contain an iV = 4 submodel with an 5*0(44) 
gauge group arising from the right-movers and an U(l) 6 from the left-movers. At this 
N = 4 level, the untwisted massless scalar states transform in the adjoint represen- 
tation of 50(44), and the 6 x 22 states in the Cartan subalgebra provide the moduli 
which parameterize the coset space 50(6, 22)/50(6) x 50(22). In the original mod- 
els, not all of these states are compatible with the spin-structures, and only those 
of them which survive all the GSO-projections give rise to the compatible exactly 
marginal operators and thus are the untwisted moduli. 
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As an example, consider a model with basis B = {1, S, b\, 62, b^}, where 



y 1 u 1 

5 = (1 100 100 100 100 100 100 : 000000 000000 00000 000 8 ), (1) 

h = (1 100 100 010 010 010 010 : 001111 000000 11111 100 8 ), (2) 

b 2 = (1 010 010 100 100 001 001 : 110000 000011 11111 010 8 ), (3) 

63 = (1 001 001 001 001 100 100 : 000000 111100 11111 001 8 ). (4) 

By tracking the allowed Abelian Thirring terms, one can explicitly find the untwisted 
moduli fields of this model, which parameterize the following moduli space 

M S0 ^ 2 ) 3 S0 ^) s S0 ^ 2 ) (5) 
50(2) x SO{2) SO{2) x 50(2) 50(2) x 50(2)' K ) 

This result is in complete agreement with the fact that this simple fermionic model 
can be viewed as a symmetric Z 2 x Z 2 orbifold model. 

In several realistic fermionic models, there are spin-structure vectors which assign 
asymmetrically the boundary conditions for the left-moving real fermions y 1 , u 1 rel- 
ative to the right-moving ones y 1 , ui 1 , such models can be interpreted as asymmetric 
orbifold models. For instance, in the "revamped" flipped SU(5) model ,@ the basis 
vector responsible for the "asymmetry" is given by 

a = (0 000 000 000 011 000 011 : 000101 011101 \\\\\ \\\ \\\\ 1100). (6) 

And the untwisted moduli space of this model reduces to 

50(2) 50(2) 50(2) x 50(2)' K J 

I now discuss the Kahler potential for this class of fermionic models. As can be seen 
from above examples, the untwisted moduli fields split up into three sets, the fields in 
each set parameterize either 50(2, 2)/50(2) x 50(2) or 50(2, l)/50(2). Similarly, 
the untwisted matter fields, namely, those states which correspond to the non-zero 
roots of D22 at the N = 4 level, also fall into three sets. Using 5-matrix approach, by 
computing various four-point string scattering amplitudes, it is found that the scalars 
in each set admit a non-linear cr-model structure of 50(2, n)/SO{2) x 50(n), where 
n counts the total number of scalar fields in the set, including both the moduli and 
the matter fields. In addition, in terms of the actual massless string states, the most 
natural form of the Kahler potential for each set is 



n -y 

K(a i: OLi) = - log I 1 - a i®i + 7 



I 



A different approach to this problem for some simple models of the same class was 
put forward sometime ago.! However, the 5-matrix analysis enables one to establish 



the precise relation between the complex coordinates q.{ in (|8|) and the massless string 
states. S 

One can recast the Kahler potential of form (||) into the so-called "supergravity 
basis", in which the phenomenological studies as well as the theoretical analysis of 
some problems can be carried out in the usual fashion. To this end, in addition to 
replace the the "string basis" moduli fields by the corresponding fields T, U, some 
holomorphic field redefinitions for the matter fields are also necessary.0 For the case 
of moduli space SO(2,2)/SO(2) x SO(2), up to a Kahler transformation, one has 



K 



-log \{T + T){U + U)-'£A i A i + 



1 ( T c -T 
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(9) 



while for the case of moduli space SO (2, l)/SO(2), one has 
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-\og\(T + T)-J2AA + 
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T C + T\ + J(T + T)(T C + T C 



T c + T V 



(10) 



It can be shown that these Kahler potentials are invariant under target space duality 
t r ansf ormat ions .0 

In conclusion, I have illustrated how to identify untwisted moduli in fermionic 
string models, and presented the Kahler potentials for a restricted class of models. 
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